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BACKGROUND OF THE INVENTION 

Technical Fiel d of the Invention 
[0001] The prcocnt invontion illustrative embodiments relatee 
to a swing- type display device, and more particularly to a 
swing-type display device incorporating a linear array of a 
plurality of light-emitting elements, such that each 
10 light-emitting element is activated for a predetermined period 
with a predetermined luminance level as the device itself is swung 
by a user, whereby an image is displayed in the trajectory of the 
swing due to persistence of vision. 
Description of the Background Art 
15 [0002] Swing- type display devices incorporating an array of 
plurality of red LEDs (Light Emitting Diodes) are known. As the 
swing-type display device is swung, the red LEDs flicker with a 
predetermined pattern, whereby text characters (e.g., "STOP") 
appears to be formed in the air due to persistence of vision. 
2 0 [0003] However, conventional swing- type display devices, 
which display images based on flickering red LEDs, can only 
display text characters or simple diagrams. There is also a 
problem in that the displayed image may contain stripes 
associated with the interspaces between the red LEDs. 
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SUMMARY OF THE INVENTION 

[0004] Therefore, a** object feature of the prooont invention 
illustrative embodiments is to provide a swing-type display 
device which is capable of displaying images in various colors. 
Ano ther object feature o f the prcacnt — invention illustrative 
embodiments is to provide a swing-type display device in which 
the problem of the displayed image containing stripes associated 
with the interspaces between the light-emitting elements is 
alleviated. 

10 [0005] The present — invention illustrative embodiments has 
have the following f caturco aspects to attain the object features 
mentioned above. Note that reference numerals and the like are 
added between parentheses in the below description— only for the 
purpose of facilitating the understanding of the present 
15 invention in relation to the below-described embodiments, rather 
than limiting the scope of the invention in any way. 
[0006] A swing-type display device according to the prooont 

invent ion il lustra tive embodiments comprises first 

light-emitting elements (10R) capable of emitting light in a 
20 predetermined color, second light-emitting elements (10G) 
capable of emitting light in a color which is different from the 
predetermined color, and a control section (51) . A linear array 
of the first light-emitting elements extends in a direction 
substantially perpendicular to the direction of the swing. The 
25 first light-emitting elements and the second light-emitting 



elements are arranged in pairs of two, such that each second 
light-emitting element is disposed near a corresponding one of 
the first light-emitting elements. The control section activates 
each of the first and second light-emitting elements for a 
5 predetermined period (T) to emit light in a luminance level in 
accordance with image data. Thus, when the swing- type display 
device is swung, an image corresponding to the image data is 
displayed in the trajectory of the swing. Thus, by employing at 
least two kinds of light-emitting elements emitting light of 

10 different colors from one another, it becomes possible to display 
images in various colors, beyond the capabilities of conventional 
swing- type display devices. By employing three kinds of 
light-emitting elements emitting light of different colors from 
one another, it becomes possible to display images in even more 

15 colors than in the case of employing two kinds of light-emitting 
elements. Note that the image data may include data representing 
text characters. 

[0007] Typically, the predetermined period is equal to a 
period for displaying a single pixel of the image. Thus, lines 

20 (e.g., lines 1 to 8 in FIG. 6) constituting the image are 
consecutively displayed in the trajectory of the swing motion of 
the swing- type display device, so that the entire image appears 
in the trajectory of the swing due to persistence of vision. 
[0008] Preferably, the first and second light-emitting 

25 elements of each pair are located side by side in the direction 



of the swing (FIG. 1) . Thus, the trajectory of the first 
light-emitting elements and the trajectory of the second 
light-emitting elements when the swing-type display device is 
swung coincide with each other, thereby enabling proper 
5 displaying of the image. Furthermore, the control section may 
control one of the first and second light-emitting elements of 
each pair that is located more to a rear along the direction of 
the swing of the swing-type display device to be activated a 
predetermined time (At in FIG. 15B) later than the other 

10 light-emitting element which is located more to a front along the 
direction of the swing of the swing- type display device. Thus, 
it is ensured that the position at which a first light-emitting 
element is activated to display a given pixel coincides with the 
position at which a corresponding second light-emitting element 

15 is activated to display the same pixel, thereby enabling proper 
displaying of the image. Such a structure is effective in the 
case where the first and second light -emit ting elements 
constituting each pair are widely spaced apart, or where the 
light-emitting elements are mounted on the swing-type display 

2 0 device without any covering means thereon. 

[0009] The tilt sensor may further comprise an optical guide 
(20) for allowing the light emitted from the first and second 
light-emitting elements to propagate therethrough to outside of 
the swing-type display device. Preferably, the optical guide 

2 5 includes a face, oriented toward the outside of the swing- type 



display device, which is matte- finished to diffuse the light 
propagating through the optical guide (FIG. 2 A) . Thus, the light 
from the first and second light-emitting elements of each pair 
is adequately diffused, thereby rendering the stripes appearing 
in the displayed image due to the interspaces between the 
light-emitting elements less conspicuous (FIG. 3B) . Preferably, 
a groove (201) is formed on the first face of the optical guide, 
in a position opposing each of boundaries between adjacent pairs 
of first and second light-emitting elements. Thus, the light 
outpu ttod t from a given pair of light-emitting elements can be 
prevented from propagating through the optical guide to the 
neighborhood of another pair of light-emitting elements. 
[0010] The control section may drive each of the first and 
second light-emitting elements for the predetermined period by 
PWM technique using a pulse having a frequency based on the image 
data ( (al) to (a3) of FIG. 12) . By using a pulse whose frequency 
takes at least two'values in accordance with the image data, not 
only are the light-emitting elements arc activated or deactivated, 
but the luminance of the activated light-emitting elements is 
varied in accordance with the image data, thereby enabling a 
display in a greater variation of colors. Alternatively, the 
control section may drive each of the first and second 
light-emitting elements for the predetermined period with a 
current or voltage based on the image data ((bl) to (b3) in 
FIG. 12) . In this case, too, by using a current or voltage which 



can take two values in accordance with the image data, the 
luminance of the activated light-emitting elements is varied in 
accordance with the image data, thereby enabling a display in a 
greater variation of colors . 
5 [0011] The swing-type display device may further comprise a 
tilt sensor (30) for detecting a tilt of the swing- type display 
device, the tilt sensor including a ball (301) which is capable 
of reciprocating between a first position (FIG. 4A) and a second 
position (FIG. 4B) in synchronization with the swing of the 

10 swing-type display device. The control section may begin 
activating each of the first and second light-emitting elements 
each time the ball is moved out of the first (FIG. 8A) or second 
position (FIG. 9A) . Thus, an image can be displayed at an 
appropriate position in the trajectory of the swing by using a 

15 simple structure. 

[0012] Another swing-type display device according to the 
present invention illustrative embodiments comprises: a linear 
array of light-emitting elements, the linear array extending in 
a direction substantially perpendicular to the direction of the 

20 swing, a control section (51), partitions (80), and a covering 
member (70) composed of a light- transmitting material. The 
control section activates each of the light-emitting elements for 
a predetermined period to emit light in a luminance level in 
accordance with image data. Each partition is disposed between 

25 light-emitting elements, thereby restricting the directions in 



which the light outpu ttod t from the light-emitting surfaces of 
the light-emitting elements can travel. With such partitions, 
it is possible to adjust the regions of the covering member which 
is struck by the light. The covering member is provided to cover 
5 the light-emitting elements and the partitions, the covering 
member being composed of a light-transmitting material. A 
plurality of convex portions (701) are formed on the covering 
member, each shaped as a ridge extending along the direction of 
the swing. The convex portions refract the light from the 

10 light -emit ting elements (which are point sources) so as to exit 
the covering member. As a result, a uniform luminance can be 
obtained within the light-outgoing surface of the covering member 
(i.e. , the face of the covering member via which light goes out) 
while minimizing the decrease in luminance. As a result, 

15 pixel-to-pixel stripes can be made hardly noticeable. 

[0013] Preferably, the convex portion has a 

lenticular-lens-like or wedge-like configuration (as shown at 701 
in FIG. 20) . By forming such convex portions , it becomes possible 
to obtain an even more uniform luminance within the 

20 light-outgoing surf ace of the covering member (see FIGS. 19A, 19B 
and 20) . 

[0014] A plurality of said partitions may be formed in a 
light-emitting area on the second face which is attributable to 
each of the light-emitting elements. By forming the convex 
25 portions in such positions, the colors of adjoining pixels are 



adequately intermixed by the action of the convex portions 
present between pixels, thereby enabling a more thorough 
elimination of stripes (see FIGS. 19A, 19B, 20, and 21C) . 
[0015] A plurality of convex portions (701) may be formed in 
5 a light-emitting area on the face of the covering member which 
is attributable to each of the light-emitting elements, and the 
covering member may be disposed so as to leave a predetermined 
space from the partitions (80) (FIG. 19B) . Thus, since the light 
outpu ttcd t from the light-emitting elements overrides the 

10 partitions to an adequate extent, the stripes appearing in the 
displayed image due to the interspaces between the light-emitting 
elements are rendered even less conspicuous. Furthermore, the 
covering members may be formed at least on portions of the first 
face opposing the partitions, (see dotted lines in FIGS. 19B and 

15 20) . Thus, the light overriding the partitions is refracted so 
as to be outpu ttcd t in a direction perpendicular to the 
light-emitting surfaces of the light-emitting elements, thereby 
rendering the stripes in the displayed image even less 
conspicuous . 

2 0 [0016] These and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present invention 
when taken in conjunction with the accompanying drawings. 

2 5 BRIEF DESCRIPTION OF THE DRAWINGS 
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[0017] FIG. 1 is an external view showing a swing- type display 
device according to a first embodiment of the present invention; 

FIGS. 2A and 2B are cross-sectional views illustrating 
the swing- type display device according to the first embodiment; 
5 FIGS. 3A and 3B are diagrams illustrating the effects 

of matte finishing; 

FIGS . 4A and 4B are cross-sectional views illustrating 
a tilt sensor; 

FIG. 5 is a diagram illustrating the internal 
10 structure of the swing-type display device of the first 
embodiment ; 

FIG. 6 is a diagram illustrating an exemplary image 
data to be stored in a ROM 61; 

FIG. 7 is a diagram illustrating the read timing of 
15 image data; 

FIGS. 8A and 8B are views illustrating the display 
timing of image data when the swing-type display device is swung 
to the right; 

FIGS. 9A and 9B are views illustrating the display 
2 0 timing of image data when the swing- type display device is swung 
to the left; 

FIG. 10 is a view showing an exemplary image to be 
displayed in the trajectory of the swing; 

FIG. 11 is an exemplary table to be referred to when 
25 generating pulses based on image data; 

9 



FIG. 12 is a set of diagrams illustrating exemplary 
manners of driving a red LED and a green LED; 

FIG. 13 is a view showing an exemplary image to be to 
be displayed in the trajectory of the swing; 

FIG. 14 is a flowchart illustrating the flow of 
processes performed by a CPU; 

FIGS. ISA and 15B are diagrams illustrating the 
effects obtained by offsetting the activation timing of a red LED 
from the activation timing of a green LED; 

FIG. 16 is a diagram illustrating the internal 
structure of a swing-type display device according to the proocnt 
invontion illustrative embodiments incorporating three colors of 
LEDs ; 

FIG. 17 is a diagram illustrating the internal 
structure of a swing- type display device according to the proocnt 
invention illustrative embodiments where the LEDs are driven 
based on time sharing; 

FIG. 18 is an external view showing a swing-type 
display device according to a second embodiment of the present 
invention; 

FIGS. 19A and 19B are cross-sectional views 
illustrating the swing-type display device according to the 
second embodiment of the present invention; 

FIG. 20 is a cross-sectional view illustrating a 
variant of the swing-type display device according to the second 

10 



embodiment ; 

FIGS. 21A, 21B, and 21C are diagrams illustrating the 
effects obtained according to the second embodiment; and 

FIG. 22 is a cross-sectional view illustrating another 
5 variant of the swing- type display device according to the second 
embodiment . 

DESCRIPTION OF THE PREFERRED NON- LIMITING EXEMPLARY EMBODIMENTS 
[0018] Hereinafter, various embodiments of the present 

10 invention will be described with reference to the accompanying 
figures . 

(first embodiment) 

A first embodiment of the present invention will be 
described. A major feature of the first embodiment is the ability 

15 to display multiple colors by employing two colors of LEDs and 
individually varying the luminance levels of the LEDs. 
[0019] FIG. 1 is an external view showing a swing- type display 
device according to a first embodiment of the present invention. 
As shown in FIG. 1 the swing- type display device comprises 

20 sixteen red LEDs 10R, sixteen green LEDs 10G, an optical guide 
20, a tilt sensor 30, and a grip portion 40. The red LEDs 10R 
are arranged in a linear array which is substantially 
perpendicular to a swing direction (i.e., a direction in which 
the swing-type display device is swung) shown in FIG. 1. The red 

25 LEDs and the green LEDs are grouped into pairs of two, such that 



each green LED 10G is located near a corresponding red LED 10R. 
[0020] In the present embodiment, as shown in FIG. 1, the red 
LED 10R and the green LED 10G in each pair are located side by 
side along the swing direction. This arrangement provides an 
advantage in that the trajectory of the red LED 10R matches that 
of the green LED 10G when the swing-type display device is swung, 
thereby resulting in proper displaying of an image. However, the 
present invention is not necessary limited thereto. For example, 
the red LED 10R and the green LED 10G in each pair may be located 
side by side along a direction perpendicular to the swing 
direction. 

[0021] The optical guide 20, which is composed of a 
light-transmitting material such as acrylic resin, is disposed 
so as to cover light-emitting surfaces of the red LEDs 10R and 
the green LEDs 10G. The optical guide 2 0 serves to propagate the 
light which has been output-feed from the light-emitting surfaces 
of the LEDs 10R and 10G, so as to be led allowed outside of the 
swing- type display device. 

[0022] Referring to FIG. 2A, cross sections taken at line A-A' 
and line B-B' in FIG. 1 will be described. 

As shown in FIG. 2A, the red LED 10R and the green LED 
10G in each pair are located side by side along the swing direction. 
The optical guide 2 0 is disposed so as to cover the light-emitting 
surfaces of the red LED 10R and the green LED 10G. The outer 
surface of the optical guide 20 is matte- finished, i.e., made 

12 



coarse, in order to allow the light propagating through the 
optical guide 20 to be appropriately diffused on the outer surface 
of the optical guide 20, and consequently render the stripes, if 
any, which may appear in the displayed image due to the 
interspaces between the LEDs 10R and 10G, less conspicuous. For 
example, if no optical guide 2 0 is provided, or if an optical guide 
2 0 is provided without being mat- finished on the surface, the 
interspaces between the LEDs will appear dark as shown in FIG. 3A. 
On the other hand, as shown in FIG. 3B, the interspaces between 
the LEDs will appear slightly brighter if the surface of the 
optical guide 20 is matte-f inished . However, the inner surface 
of the optical guide 2 0 is not matte-f inished, i.e. , left smooth, 
so as to facilitate the entrance of the light outputfeed from the 
red LEDs 10R and the green LEDs 10G. 

[0023] As shown in FIG. 2B, on the inner surface of the optical 
guide 20, a groove extending along the swing direction is formed 
in a portion opposing a boundary between the red LED 10R and the 
green LED 10G composing each pair. A plurality of such grooves 
2 01 are provided in the swing- type display device (only one of 
the grooves 2 01 is shown in FIG. 2B) . The grooves 2 01 prevent 
the light output-feed from the light outputtcd from the LEDs of a 
given pair from propagating, through the optical guide 20, to the 
neighborhood of the LEDs of another pair. 

[0024] The tilt sensor 30 may be a generic sensor which can 
be employed for general tilt detection purposes. Note, however, 



that according to the present embodiment, the tilt sensor 30 is 
not employed for detecting a tilt of the swing-type display device, 
but for detecting in which direction the swing-type display 
device is being swung, or for determining the activation timing 
5 of the LEDs 10R and 10G. 

[0025] Referring to FIGS. 4A and 4B, the structure of the tilt 
sensor 3 0 will be described. As shown in FIGS. 4A and 4B, the 
tilt sensor 30 comprises a ball 301 at least whose surface is 
electrically conductive, and four terminals 3 02a, 302b, 302c, and 

10 302d. The ball 301 is able to move, toward the right or left within 
the tilt sensor 30, in synchronization with a swinging motion of 
the swing-type display device. As used herein, referring to 
FIG. 1, the "right" direction is defined as the side on which each 
green LED 10G is disposed, whereas the "left" direction is defined 

15 as the side on which each green LED 10G is disposed. In the tilt 
sensor 30, when the ball 301 moves flush to the left, electrical 
conduction occurs between the terminals 3 02a and 3 02b as shown 
in FIG. 4A; when the ball 301 moves flush to the right, electrical 
conduction occurs between the terminals 302c and 302d as shown 

20 in FIG. 4B. 

[0026] Next, referring to FIG. 5, the internal structure of 
the swing- type display device will be described. In the 
swing- type display device, a CPU 51, a ROM 61, the tilt sensor 
30, LED driving buffers Bl , B2 , Bn, the red LEDs 10R, and 

25 the green LEDs 10G are electrically connected in the manner shown 

14 



in FIG. 5. 

[0027] The ROM 61 stores image data corresponding to an image 
to be displayed, such as that shown in FIG. 6. The image data 
stored in the ROM 61 is composed of a plurality of lines (eight 
5 such lines are shown in FIG. 6) , each line being composed of a 
plurality of pixels. Although the image data exemplified in 

FIG. 6 is sized 9X8 pixels, the present invention is not limited 
thereto. 

[0028] Based on an output from the tilt sensor 30, the CPU 51 

10 sequentially reads the image data stored in the ROM 61, line by 
line. More specifically, as shown in FIG. 7, the CPU 51 begins 
reading the image data when the left output of the tilt sensor 
30 transitions from ON (i.e., electrical conduction exists 
between the terminals 3 02a and 3 02b) to OFF (i.e. , no electrical 

15 conduction exists between the terminals 3 02a and 3 02b) , that is, 
when the ball 301 moves out of the position shown in FIG. 4A. At 
this time, the image data is read from line 1 to line 8, as 
indicated in "data read I" in FIG. 7. On the other hand, the CPU 
51 also begins reading the image data when the right output of 

20 the tilt sensor 30 transitions from ON (i.e., electrical 
conduction exists between the terminals 302c and 302d) to OFF 
(i.e. , no electrical conduction exists between the terminals 3 02c 
and 3 02d) , that is, when the ball 3 01 moves out of the position 
shown in FIG. 4B. At this time, the image data is read from line 

2 5 8 to line 1, as indicated in "data read II" in FIG. 7. The reading 



cycle for the image data is T (e.g., 1ms), so that one line of 
image data is sequentially read for every period of T. 
[0029] The user swings the swing- type display device by 
applying alternating accelerations in the right or left direction 
5 to the swing- type display device. The point in time at which the 
ball 301 moves out of the position shown in FIG. 4A corresponds 
to the point in time at which the user stops accelerating the 
swing- type display device in the right direction. More 
specifically, immediately after the user has swung the swing-type 

10 display device all the way to the left, the ball 301 is positioned 
as shown in FIG. 4A. Thereafter, the user reverses the swing 
direction and begins swinging the swing- type display device in 
the right direction, and a period of time will follow during which 
an acceleration in the right direction keeps being applied to the 

15 swing-type display device, so that the ball 301 stays in the 
position shown in FIG. 4A. As the swing- type display device is 
moved more to the right, the force applied by the user to swing 
the swing-type display device to the right will be gradually 
decreased, so that the acceleration applied to the swing-type 

20 display device in the right direction will also decrease 
accordingly. As a result, the ball 301 moves out of the position 
shown in FIG. 4A at a point in time illustrated in FIG. 8A. At 
the point illustrated in FIG. 8A, the CPU 51 sequentially reads 
image data from line 1, and generates and outputs pulses (Pl-r, 

25 Pl-g, P2-r, P2-g, . . . , Pn-r, and Pn-g in FIG. 5) for driving the 



LEDs 10R and 10G based on this image data. As a result, as shown 
in FIG. 8B, an image corresponding to the image data is displayed 
in the trajectory of the swing for a brief moment. 
[0030] Similarly, the point in time at which the ball 301 moves 
5 out of the position shown in FIG. 4B corresponds to the point in 
time at which the user stops accelerating the swing-type display 
device in the left direction, which is illustrated in FIG. 9A. 
At the point illustrated in FIG. 9A, the CPU 51 sequentially reads 
image data from line 8, and generates and outputs pulses for 

10 driving the LEDs 10R and 10G based on this image data. As a result, 
as shown in FIG. 9B, an image corresponding to the image data is 
displayed in the trajectory of the swing for' a brief moment. 
[0031] Thus, the same image is displayed when the swing- type 
display device is swung right or left. As a result, by swinging 

15 the swing- type display device alternately to the right or the left, 
an image is displayed in the trajectory of the swing due to 
persistence of vision, as shown in FIG. 10. 

[0032] In the present embodiment, it is assumed that each 
pixel of the image data is 4 bits in size. By individually 

2 0 controlling the red LEDs 10R and the green LEDs 10G based on this 
image data, the CPU 51 can display various images containing 
colors such as red, green, yellow, orange, and the like. More 
specifically, a table showing correspondence between data and 
duty ratios such as that shown in FIG. 11 is prepared in advance, 

25 and based on this table, the CPU 51 generates and outputs pulses 



having duty ratios corresponding to the data of the respective 
pixels. The table shown in FIG. 11 is only exemplary. For example, 
each pixel of the image data may be 3 bits in size. Moreover, 
four duty ratios (e.g., 0%, 33%, 66%, or 100%) may be used for 
each of red and green ) pixel . 

[0033] For example, if a given pixel has the data "1111", the 
CPU 51 provides a pulse having a duty ratio of 100% to the red 
LED |10R corresponding to this pixel, and also provides a pulse 
having a duty ratio of 100% to the green LED 10G corresponding 
to this pixel, as shown in (al) of FIG. 12. Accordingly, the red 
LED 10R and the green LED 10G are activated to emit light at a 
high luminance level. As a result, a deep red color displayed 
by the red LED 10R and a deep green color displayed by the green 
LED 10G are mixed, resulting in a deep orange color being 
displayed in the trajectory of the swing. 

[0034] If a given pixel has the data "1010", the CPU 51 
provides a pulse having a duty ratio of 50% to the red LED |10R 
corresponding to this pixel, and also provides a pulse having a 
duty ratio of 50% to the green LED 10G corresponding to this pixel, 
as shown in (a2) of FIG. 12. As a result, a pale orange color 
is displayed in the trajectory of the swing. Similarly, for a 
given pixel having the data "1011", a yellow color is displayed 
in the trajectory of the swing as shown in (a3) of FIG. 12. 

[0035] Although the present embodiment illustrates an example 
where a PWM (Pulse Width Modulation) technique is used to drive 

18 



the LEDs 10R and 10G, the present invention is not limited thereto. 
For example, as shown in (bl), (b2) and (b3) of FIG. 12, similar 
displaying can also be attained by varying the value of the 
voltage or current to be applied to the LEDs 10R and 10G according 
5 to the image data. 

[0036] Through the above-described process, the swing- type 
display device according to the present embodiment can display 
an image in multiple colors, as exemplified in FIG. 13. 
[0037] Next, referring to the flowchart of FIG. 14, the flow 

10 of processes performed by the CPU 51 in the present embodiment 
will be described. Once the swing- type display device is turned 
on, the CPU 51 monitors whether the right output or the left output 
from the tilt sensor 30 has transitioned from ON to OFF (Sll) . 
If such a transition has occurred, control proceeds to step S12; 

15 otherwise, the CPU 51 keeps monitoring. At step S12, it is 
determined whether the transition from ON to OFF occurred in the 
right output from the tilt sensor 30. If the transition from ON 
to OFF has occurred in the right output, a line counter which 
consecutively counts the lines from the rightmost end of the image, 

20 as indicated in "data read II" of FIG. 7, is set (S13) . On the 
other hand, if it is in the left output from the tilt sensor 3 0 
that the transition from. ON to OFF has occurred, a line counter 
which consecutively counts the lines from the rightmost end of 
the image, as indicated in "data read I" of FIG. 7, is set (S14) . 

2 5 [0038] Once the aforementioned line counter is set, the CPU 



51 reads the image data of a line indicated by the line counter 



(S15) from the ROM 61 the imago data of a line indicated by the 
line counter — (S15) . Then, pulses in accordance with the image 
! data thus read are output-feed, thereby activating the LEDs 10R and 
5 10G (S16) . 

[0039] At step S17, it is determined whether the right or left 
output from the tilt sensor 3 0 has transitioned from ON to OFF. 
If such a transition has occurred, control returns to step S12 ; 
otherwise, control proceeds to step S18. At step S18, the CPU 

10 51 determines whether the data read has been completed for all 
of the lines in the image data. If the data read is not complete, 
control returns to step S15, and the process continues with 
respect to the next line. On the other hand, if the data read 
has been completed for all of the lines in the image data, control 

15 returns to step Sll. 

[0040] Although the present embodiment illustrates an example 
where each red LED 10R and each green LED 10G are simultaneously 
activated in accordance with the image data, the present 
invention is not limited thereto. The activation timing for the 

20 red LEDs 10R and the activation timing for the green LEDs 10G may 
be purposely offset as necessary. For example, consider a case 
where an orange color is to be displayed by simultaneously 
activating a red LED& 10R and a green LED 10G. Since the red LED 
10R and the green LED 10G are located side by side along the swing 

25 direction, there may emerge a gap between the position at which 
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the red LED 10R is activated and the position at which the green 
LED 10G is activated, as shown in FIG. 15A, resulting in the red 
and green colors being displayed, in addition to orange. The red 
and green colors would be particularly conspicuous in the case 
5 where each red LED 10R is widely spaced apart from each green LED 
10G, or where the LEDs 10R and 10G are mounted on the swing- type 
display device without any covering means thereon. In order to 
avoid this problem, as shown in FIG. 15B, the CPU 51 may control 
each pair of a red LED 10R and a green LED 10G so that the LED 

10 which is located more to the rear along the direction of the motion 
of the swing-type display device (e.g., the green LED 10G) is 
activated a predetermined time A t later than the other LED which 
is located more to the front along the direction of the swinging 
motion of the swing- type display device (e.g. , the red LED 10R) . 

15 As a result, it is ensured that the position at which the red LED 
10R is activated coincides with the position at which the green 
LED 10G is activated, whereby an image can be displayed in a more 
ideal manner . 

[0041] Although the present embodiment illustrates an example 
20 where an image is displayed by employing two colors of LEDS, i.e., 
the red LEDs 10R and the green LEDs 10G, the present invention 
is not limited thereto. For example, as shown in FIG. 16, three 
colors (red, green, and blue) LEDs may be employed to display 
images in a greater variety of colors. In this case, a CPU 52 
2 5 individually controls red LEDs, the green LED, and the blue LEDs 



based on the image data stored in a ROM 62 . By increasing the 
number of gray scale levels for each color, a full color display 
function can be enabled. 

[0042] Instead of driving the LEDs by individually providing 
5 each LED with a pulse as in the examples illustrated in FIG. 5 
or 16, the LEDs may be driven based on time sharing, as shown in 
FIG. 17. In the example illustrated in FIG. 17, a CPU 53 splits 
the display time T for each line into a period for activating the 
red LEDs, a period for activating the green LEDs, and a period 

10 for activating the blue LEDs, and the duty ratio of each pulse 
(PI to Pn shown in FIG. 17) is varied from period to period in 
accordance with the image data stored in a ROM 63. As a result, 
the number of component elements of the swing-type display device 
can be decreased, thereby reducing the size of the swing- type 

15 display device and the cost associated with the production 
thereof . 

[0043] (second embodiment) 

Next, a second embodiment of the present invention will 
be described. A major feature of the second embodiment is in that 

2 0 a plurality of partitions and a covering member are provided 
instead of the optical guide 2 0 according to the first embodiment, 
in order to make the stripes which may appear in the displayed 
image due to the interspaces between the LEDs less conspicuous. 
[0044] FIG. 18 is an external view showing a swing- type 

2 5 display device according to the second embodiment of the present 
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invention. As shown in FIG. 18, the swing- type display device 
comprises sixteen red LEDs 10R, sixteen green LEDs 10G, a covering 
member 70, a tilt sensor 30, and a grip portion 40. In FIG. 18, 
any constituent elements which also appear in FIG. 1 are denoted 
5 by like reference numerals, and the descriptions thereof are 
omitted . 

[0045] The covering member 70 is composed of a 
light- transmitting material, e.g., acrylic resin, and is 
disposed so as to cover the light-emitting surfaces of the red 

10 LEDs 10R and the green LEDs 10G. 

[0046] Referring to FIG. 19B, the cross section taken at line 
C-C in FIG. 18 will be described. 

A partition 80 is provided at the border between two 
adjoining pairs of red LEDs 10R and green LEDs 10G (each pair 

15 consisting of one red LED 10R and one green LED 10G) . The 
partitions 80 are provided in order to restrict the directions 
in which the light outputted from the light-emitting surfaces of 
the LEDs 10R and 10G can travel. Preferably, the partitions 80 
are made of a material which does not transmit light. It would 

2 0 be even more preferable to select a material and/or color which 
is highly reflective for the partitions 80. Thus, the light 
emitted from the LEDs 10R and 10G can be more efficiently 
outpu ttcd t. te-outside of the swing- type display device, thereby 
enabling a brighter display. 

25 [0047] On the inner surface of the covering member 7 0 are 



formed a plurality of convex portions 701, each convex portion 
7 01 being in the form of a ridge extending along the swing 
direction. Each convex portion 7 01 may have a cross section of 
a lenticular lens as shown in FIG. 19B, for example, although the 
present invention is not limited thereto. Instead, each convex 
portion 7 01 may have a wedge- like cross section as shown in 
FIG. 20. Using the convex portions 701 having a 

lenticular-lens-like cross section, however, would be 
particularly effective because it would allow the optical energy 
outpu t tod t from the LEDs 10R and 10G to be efficiently used for 
the display function by preventing it from being wasted. 
[0048] The covering member 70 is disposed so as to leave a 
predetermined space from the partitions 80, as shown in FIG. 19B. 
This ensures that the light outpu ttcd t. from adjoining LEDs rides 
over each partition 8 0 so as to be intermixed to some extent, 
thereby allowing light to be outpu ttcd t to outside of the 
swing-type display device through regions of the covering member 
7 0 corresponding to the borders between the LED pairs . As a result, 
the stripes appearing in the displayed image due to the 
interspaces between the LEDs are made less conspicuous . In 
particular, since the portions of the inner surface of the 
covering member 7 0 that oppose the partitions 80 are shaped into 
the convex portions 701 shown in FIG. 19B, the light which 
overrides each partition 80 is refracted by the convex portion 
7 01 so as to be outpu ttcd t in a direction perpendicular to the 
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light-emitting surfaces of the LEDs 10R and 10G. As a result, 
when one views the covering member 7 0 from outside of the 
swing- type display device, as shown in FIG. 19A, the light coming 
from adjoining LEDs appears somewhat intermixed at the borders 
between LED pairs, thereby rendering the stripes associated with 
the interspaces between the LEDs even less conspicuous. 
[0049] Next, the effects obtained according to the present 
embodiment will be more specifically described with reference to 
FIGS. 21A, 2 IB, and 21C. In a conventional swing- type display 
device, the portions corresponding to the interspaces between 
LEDs appear dark as shown in FIG. 21A. On the other hand, when 
a matte- finished optical guide is provided as described in the 
first embodiment above, the portions corresponding to the 
interspaces between LEDs appear lighter as shown in FIG. 2 IB. 
However, since this effect is obtained by expanding the brighter 
portions through diffusion of light (originating from a point 
source of light) caused by the matte finish, the luminance level 
decreases toward the borders between LED pairs (i.e. , away from 
the center of the portion opposing each LED) . Therefore, as shown 
in FIG. 21B, the stripes appearing in the displayed image due to 
the interspaces between the LEDs may not completely be eliminated. 
In the present embodiment, however, the covering member is 
provided with a plurality of convex portions formed in the 
portions opposing the LEDs and the borders between the LED pairs, 
such that the convex portions directly refract the light 



originating from the point sources, thereby expanding the 
brighter portions. As a result, as shown in FIG. 21C, a 
sufficient luminance level can be obtained even at the borders 
between LED pairs, the stripes appearing in the displayed image 
5 due to the interspaces between the LEDs can be substantially 
completely eliminated. Incidentally, acrylic resin is known to 
have a refractive index of about 1.58. Although the present 
embodiment illustrates an example where plural convex portions 
are formed for each region opposing an LED pair (i.e., each region 
10 of the covering member through which the light from the LED pair 
is transmitted) , a single convex portion may be formed for each 
such region. 

[0050] Although the present embodiment illustrates an example 
where two colors of LEDs, i.e., the red LEDs 10R and green LEDs 

15 10G are employed to display an image, the present invention is 
not limited thereto. The present embodiment is also applicable 
to the case where an image is displayed by using a single color 
of LED (i.e., red LEDs only). In this case, too, the effects 
according to the present embodiment, i.e. , the stripes appearing 

2 0 in the displayed image due to the interspaces between the LEDs 
being made less conspicuous, can be obtained, as will be 
appreciated from the above description. 

[0051] Although the present embodiment illustrates an example 
where a plurality of convex portions 7 01 are provided on the inner 
2 5 surface of the covering member 70, the present invention is not 
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limited thereto. As shown in FIG. 22, a plurality of convex 
portions 701 may be provided on the outer surface of the covering 
member 70. In this case, it is not necessary to leave a 
predetermined space between the covering member 70 and the 
5 partitions 80. The height of the partitions 80 should be 
determined so as to allow the light from the LEDs 10R and 10G to 
be appropriately outpu ttod t through the borders between LED pairs, 
while also taking into consideration the thickness of the 
covering member 70 from the LEDs 10R and 10G. 
10 [0052] While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 
of the invention. 
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